Objective: We set up a baseline data on urinary iodine excretion from a nationwide representative sample of rural schoolchildren before instituting iodine supplementation. Design: Strati®ed multistage cluster sampling in three different strata: lowlands, foothills and mountainous areas. Early morning urine samples were collected for evaluation of iodine status. Setting: Field study in 25 municipalities in 11 out of 14 provinces. The study was carried out from October to December 1995. Subjects: Three thousand and twenty-seven schoolchildren of either sex, 6 to`12 y from 87 primary schools. Results: The median urinary iodine excretion was 95 mg/L for the whole sample. The situation in a few foothills and all mountainous areas showed a moderate to severe de®ciency. In the mountainous stratum, the median urinary iodine excretion values was less than 20 mg/L. Conclusions: Cuba has a mild iodine de®ciency public health problem with respect to WHO criteria, which in the mountainous areas is severe. The Government of Cuba has started a national Plan of Action and funds are being mobilized to introduce nationwide iodized salt. Sponsorship: UNICEF-Cuba and The Cuban Ministry of Public Health.
Introduction
Iodine de®ciency disorders (IDD) are an endemic health problem in Cuba. However, data in iodine intake are still scarce. Endemic goitre was ®rst reported in Cuba in 1969 (Alavez, 1969) . In the seventies, studies on endemic goitre were carried out in Baracoa at the most eastern part of Cuba ( Figure 1 ) in subjects 6±20 y of both sexes. Findings showed a total goitre rate (TGR) of 30% (grade Ob 71.4% and grades I and II 28.6%) although in a few villages attained 40±50%. In addition, the 24 h urinary iodine excretion (UIE) showed means below 50 mgag creatinine in 2 out of the 3 selected villages (Alavez et al, 1997; Alavez, 1986) .
The National Program for Screening of Congenital Hypothyroidism (NPCH) started in 1986. Until April 1995, more than 1.1 million neonates were screened. With respect to a cut-off point of 25 mUaL of serum thyroid stimulating hormone (TSH) for diagnosing congenital hypothyroidism, a prevalence of 1 : 3 newborns was found (Gu Èell & Alvarez, 1989; Gu Èell, 1995) . Additional infomation in six provinces showed that 13±31% of newborns had TSH levels above 5 mUaL in the total blood supply (Gu Èell et al, 1994) . This paper reports on the UIE in rural schoolchildren in Cuba where salt used in foods or on the table is not commonly forti®ed with iodine due to lack of resources.
Methods

Subjects
Three thousand two hundred schoolchildren 6 to`12 y of either sex living in rural areas in 25 municipalities from 11 provinces were selected (Figure 1 ). Living conditions in Cuban urban an rural areas are quite similar as a result of more than three decades of sustained efforts to improve the population's quality of life, with emphasis in public health and educational services. As an example, the national education system covers the whole country and the school attendance rate is comparable in both urban and rural areas. Furthermore, schooling is free and mandatory until ninth grade all over the country.
A very low rate of school failing was found (`0.7%). However children with repeated grades were excluded, to avoid the possibility of poor school performance due to iodine de®ciency.
The selected provinces and municipalities ful®lled at least three of the following inclusion criteria: According to these criteria, 11 provinces and 25 municipalities were included and classi®ed on the basis of the predominance of their geographical traits into three different strata: lowland (below 200 m); mountainous (above 500 m) and foothills (diverse relief characteristics).
This study was approved by the Ethical Committee of the Institute of Nutrition and Food Hygiene in Havana, and carried out from October to December 1995.
Study design
From the Ministry of Education a list was obtain with the name, location and number of students attending elementary schools in rural areas in selected provinces was obtained. Schools with less than 40 students were excluded.
We explained to the children and to the staff the aims of the study. They were instructed on the limitations of the interpretation of individual results. The sampling plan consisted of a strati®ed multistage cluster sample. There were three stages of selection. The strati®cation was done in the rural municipalities in the 11 provinces which were the ®rst stage sampling units. Municipalities and schools within strata were selected systematically, after substrati®-cation by grade and classroom. The sampling frame was the list of students at the rural school provided by the Ministry of Education.
Due to the non-gaussian asymmetric nature of urinary iodine excretion, the sample size was adjusted to estimate the proportion of children with UIE below 100 mgaL (WHO, 1994) . The ®nal sample size (3200 scholars) allowed the estimation of this proportion with a precision of 0.03, a reliability of 95%, a design effect of 2.5 and a possible sample loss of 10%.
Every child was given a new iodine-free plastic¯ask. The casual urine samples (50 ml) were collected in the morning, then frozen and sent for processing in airtight tubes to the Institute of Nutrition and Food Hygiene in Havana. Iodine concentration in urine was measured in duplicate by a spectrophotometric method based on the catalytic effect of iodide in the ceric sulphate reduction (Sandell±Koltoff's reaction) after a vigorous digestion with cloric acid, (Pineda, 1989; Garry et al, 1973) . The method sensibility was 0.017 mgamL. Urine contaminated samples with 0.08 and 0.2 mgamL yielded a recover average of 84.9%. All samples were corrected for this value. The intrassay coef®cient of variation low and high limits were 7.2% and 11.8%.
Iodized salt was not available on the market when the study was designed and conducted. However, after the study ®nal report was presented, the salt industry informed that approximately 200 tons of iodized salt was produced and distributed in non-identi®ed bags in three of the eastern provinces included in the study. The population of three municipalities of the foothills stratum consumed this iodized salt while samples were collected. The effect of this bias was considered and is discussed further in this paper.
Statistics
All the information was processed with EPI-INFO6. Median, 25 and 75 percentiles of UIE were calculated for municipalities, strata and nationwide samples.
Results
Three thousand and twenty-seven samples from schoolchildren of both sexes, belonging to 87 rural elementary schools, in 25 municipalities and in 11 of the country's provinces were collected. (Figure 1 ). The median of the total number of urine samples analyzed was 95 mgaL, which is lower than the normal reference value of 100 mgaL. This classi®es the country as being in a mild state of iodine de®ciency (Table 1) .
The median UIE in the lowland municipalities was 131 mgaL and in the foothills 103 mgaL. These ®gures classify as normal.
It is signi®cant that in the mountainous areas studied, despite the fact that they do not contain considerable elevations, iodine de®ciency was more relevant, with a median UIE below 20 mgaL, classi®ed as severe. UIE levels below this value were observed in 19% of the schoolchildren (Table 1) , concentrated in the mountainous areas of the eastern provinces (Guanta Ânamo, Santiago de Cuba and Granma) and in Cienfuegos. The proportion of schoolchildren with UIE below 100 mgaL, was 52% of the total population studied, although in the mountainous stratum we found a higher proportion of 88%.
Observed UIE values in the foothills stratum were probably the effect of the incidentally intake of iodized Figure 1 Geographical distribution of municipalities included in the study.
Low levels of urinary iodine excretion A Rodrõ Âguez-Ojea et al salt in three municipalities of the stratum. Iodized salt bags were not identi®ed, and the product was consumed without the population and local authorities knowledge. To evaluate the relevance of this unforeseen bias, the median of this stratum was recalculated excluding the schoolchildren from the three affected municipalities. The sample of 909 children was reduced to 553 (61%) and the median value decreased from 103±59 mgaL (Table 1) , which would reclassify the stratum as mild de®cient, with no changes in the relevance as a public health problem. Table 2 presents the percentages of schoolchildren in each of the categories according to the revalence of IDD, sorted by decreasing proportion of schoolchildren with UIE below 20 mgaL. All municipalities presented in the table included more than 50% of the schoolchildren with UIE values below 100 mgaL. In the ®rst seven, above 20% of the schoolchildren had a UIE under 20 mgaL, with striking percentages in the municipalities of Tercer Frente, Guama Â, Sagua de Ta Ânamo and Cumanayagua.
Discussion
This present study was conducted to estimate the level of urinary iodine excretion in Cuba in view of a potential health problem. Urine samples were collected from a large and representative number of rural schoolchildren both at a national as well as at strata level. Our ®ndings con®rm that there is a mild iodine de®ciency problem at the national level and a severe de®ciency problem in the mountainous areas where the proportion of children with UIE below 20 mgaL was 52%. According to WHO criteria (WHO, 1994), severity of iodine de®ciency found in the mountainous strata is similar to that reported on studies in areas where endemic goitre is well known (Stanbury, 1987; Pretell & Dunn, 1987) . Therefore, the public health relevance and the consequences of these ®ndings are unquestionable.
The relationship between iodine de®ciency and endemic goitre, cretinism and other IDD has been estimated. The risk of an increasing TGR in a population with mean values of UIE below 50 mgaL is very high (Delange et al, 1986 ). However, iodine balance studies have clearly indicated that the body iodine output only equals iodine intake over a relatively long period of time, probably weeks or months (Malvaux et al, 1989) . This characteristic permits a longer tolerance to the iodine de®ciency with very low levels of UIE and no evidence of IDD.
In endemic IDD areas in Cuba, TGR over 40% was found in some villages and a mean ( AE s.d.) 24 h UIE of 37(17) mgag creatinine was reported, yet severe goiter (grade III and IV) as well as overt cretinism were absent (Alavez et al, 1977; Alavez, 1986) . Hence, the area may be endemic for goiter and severely iodine de®cient, but not at risk of cretinism (Querido et al, 1974) , probably due to seasonal iodine availability, with sporadic high intake of imported foodstuffs (Alavez et al, 1977; Alavez, 1986 ) and the in¯uence of climatic factors (Ramirez et al, 1991) If exposure to iodine de®ciency is temporary, modi®ed by seasonal, socio-economic and other factors, then such populations would probably never develop severe clinical features of iodine de®ciency, or would show mild effects as has been observed in rats (Malvaux et al, 1989) . An inverse correlation between median values of use and the level of soil erosion was observed. Very weak or no erosion was found in the lowlands, mild to moderate in the foothills, and severe in the mountainous areas (Atlas of the Republic of Cuba). Nevertheless, in the foothills stratum, this correlation was only observed when children from areas where iodized salt was consumed, were excluded. The inverse relationship between soil erosion level and UIE is a common event in iodine de®cient areas (Koutras, 1986) .
A probable factor in¯uencing iodine de®ciency relevance is the recent trend to encourage food self-suf®ciency in rural areas, through programs promoting household food security in rural communities and remote areas. As a result, a less varied diet, lack of manufactured foods and a reduction in trading activities has been observed. All these factors might contribute to stress the relevance of the local ground de®ciency and are common issues of iodine de®ciency in endemic areas (Stanbury, 1987) . The possibility that cyclic factors limiting iodine intake could be responsible for the low values of UIE found in this study is low. The study design and the number of collected samples would avoid the confounding effect of such factors. However, seasonal availability of goitrogenic foods was not investigated.
Estimated Cuban population living in the mountainous areas is nearly 1 million people and the total rural population is estimated to be 2.8 million people (National Statistics Of®ce, 1995). We calculated about 1.1 million inhabitants living in areas at risk of iodine de®ciency, a ®gure which is lower than the WHO estimation of 1.5 million inhabitants following data on TGR (MIS, 1993) . Particular attention must be paid to areas where the proportion of children with UIE below 100 mgaL was above 50%, re¯ecting a very low iodine intake and consequently a higher risk of IDD, particularly for pregnant and child bearing women and children (Stanbury, 1987; WHO, 1994) .
Following this study a multisectorial National Committee for the Control and Eradication of Iodine De®ciency Disorders in Cuba was created. Members of this committee are Institutions of the Ministry of Public Health, Education, Basic and Salt Industry, among others. With Government support a Plan of Action was designed to create awareness at different levels regarding the relevance of the problem and the effectiveness of iodized salt as the best solution.
Although iodized salt is not permanently available on the market, a nationwide monitoring system has been included as part of the Food and Nutrition Surveillance System for the control of iodized salt production, distribution and consumption. Advocacy efforts are also required to draw the attention of the international donors to make our program effective and sustainable.
Conclusions
Our results indisputably con®rm the existence of an endemic iodine de®ciency in Cuba and most signi®cantly in the country's mountainous areas, where its relevance as a health problem is severe. Efforts are needed to raise funds to guarantee iodized salt availability for prevention, control and eradication of IDD in the country.
